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ABSTRACT 

Predictions of various biological events in the life cycle of the walnut husk fly, R . 
completa Cresson in the Willamette Valley of Oregon were made using a thermal unit 
summation model. The model was based on data from a 3-year field study and was 
tested in 1993. The model was found to be more accurate than calendar dates at 
predicting several aspects of its phenology including adult emergence, female sexual 
maturity, and oviposition. 
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INTRODUCTION 

Temperature-based models predicting pest phenology have become the basis of many 
agricultural pest management programs (e.g., AliNiazee 1976, 1979, Higley et al. 1986, 
Jones et al. 1989, 1991). These models have been widely used in many applications. For 
example, crop damage forecasting, studies of climatic limits to species distribution, 
population dynamics, the timing of insecticide applications and predicting pest 
development at different localities (AliNiazee 1976, Baker and Miller 1978). 

The efficacy of chemical control of insects can be greatly influenced by the timing of 
spray applications. If timing is good, the control is optimized. Seasonal growth and 
development of insects in a geographical region can vary as much as 2 to 3 weeks from 
year to year, depending on climatic conditions, particularly temperature. With the walnut 
husk fly (WHF), Rhagoletis completa Cresson, variation in emergence could complicate 
pest control decisions, therefore, a temperature-based model of its phenology would be a 
useful tool in developing and implementing an IPM program for this insect. 

Few data are available on the phenology of WHF (Kasana and AliNiazee 1996). The 
aim of the present study was to formulate and test a thermal unit summation model to 
predict phenological events of this key pest of walnuts in North America. 

MATERIALS AND METHODS 

The study consisted of 2 parts: developing a thermal unit summation model, and 
subsequently testing it. The model was based on data gathered during 1990-92, using 
Pherocon AM aerial traps (Trece Inc., Salinas, California). Traps (4 in 1990 and 8 in 
1991 & 1992) were placed 2 m above ground level in trees that were heavily infested in 
the previous season, and the numbers of trapped flies were recorded three times per week 
(Kasana and AliNiazee 1995). Captured flies were also sexed and placed in small plastic 
vials with alcohol and brought to the laboratoiy for dissection to determine sexual 
maturity of the females. 

The data on oviposition, egg hatch, larval development and pupal formation were 
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derived from field observation over three years. One week after the first female was 
trapped, we sampled for the occurrence of oviposition. One-hundred nuts were collected 
randomly from all sides of trees and brought to the laboratory to check for infestation. 
Ten nuts, randomly selected, were dissected to determine egg hatch and larval 
development (Kasana and AliNiazee 1996). 

Daily minimum and maximum temperatures were obtained from a weather station 
(OSU, Hyslop Farm) approximately 6 km from the study sites and at approximately the 
same elevation. Both air (107 cm above ground) and 5.08 cm soil temperatures were used. 

The thermal units (day-degrees) were calculated using the method described by 
Baskerville and Emin (1969) employing a sine curve approximation from maximum and 
minimum temperature, with a lower threshold of 5°C. No upper threshold was used 
because the daily maximum temperature rarely exceeded the upper developmental 
threshold of 34°C as determined in an earlier study (Kasana and AliNiazee 1994). The 
lower developmental threshold of 5°C was also used in earlier models (AliNiazee 1976, 
1979) for R. indifferens and for R. cerasi (Boiler 1966). Additionally, a detailed 
laboratory study of WHF (Kasana and AliNiazee 1994) established a lower developmental 
threshold of 5°C using the X-intercept method. 

The model calculations of thermal units (TUs) were initiated on March 1. This date 
was chosen as it provided the least amount of variation (assessed by coefficient of 
variation) and has been used by earlier researchers for temperate-climate fruit flies (e.g., 
AliNiazee 1976, Reissig et al. 1979, Jones et al. 1989, 1991). 

RESULTS AND DISCUSSION 

The TU requirements for emergence of different population levels based on aerial trap 
catches are given in Table 1. A thermal unit summation model was developed based on 
three year (1990-92) fly catch data in aerial traps (Table 1). The model, using air 
temperatures, predicts the emergence of WHF at accumulations of 1050, 1517, 1751, 
1895 and 2198 TUs for first, 10%, 50%, 90% and 100% fly emergence levels, 
respectively. Different TU values were derived for soil temperatures. A comparison of 
reliability of calendar dates vs. model predictions as predictors of fly emergence at various 
percent population levels is also given in Table 1. Considering the variation in the fly 
catch dates, the data suggest that using TUs was a much more reliable method than using 
calendar dates to predict emergence, especially for 10% and 50% adult levels, while TUs 
were only slightly better than calendar dates in predicting the first emergence. Predictions 
using temperature above and below ground were almost equal compared with aerial traps, 
therefore, we recommend using a model based on air temperature data. 

The TU requirements for various other biological events in the life cycle of WHF are 
given in Table 2. The TU summation method was more accurate than calendar dates for 
forecasting almost all biological events, especially for female sexual maturity and first 
oviposition. The first oviposition is a critical event for the IPM decision-making process 
because the first insecticide sprays should be applied at or before this event. 

Although this study considered both air, and ground temperatures, the use of soil 
temperature might be difficult. Very few farmers are likely to have access to soil 
temperatures needed for prediction. We therefore, suggest using aerial trap data and air 
temperature for practical applications. 

As expected, different TU accumulations occurred at different dates in different study 
years. An analysis of the weather pattern suggests that the winter and spring of 1990 were 
normal, but they were colder in 1991 and warmer in 1992. This might explain the 


Table 1. 

Thermal unit (TU) requirements and comparison of estimates (Calendar vs. TU) of emergence of R. completa at various population emergence 

levels in the Willamette Valley, OR. _ 

First 10% 50% 90% 100% 
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Table 2. 

Thermal unit (TU) requirements and comparison of methods (calendar vs. TU) of estimating various biological events in the life cycle of R. 
complete in the Willamette Valley, OR, 
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early emergence of the first fly in 1992 (June 29). In 1990, the emergence was 13 days 
later (July 11) than in 1992, and in 1991, the emergence was 19 days later (July 17). 

Although the effect of pupal exposure to cold during the winter months was not 
analyzed in this paper, it has been suggested previously (Brown and AliNiazee 1977, 
AliNiazee 1988) that the duration of cold experienced by pupae may also affect TU 
requirements for development after diapause, and this could have a significant impact on 
the year-to-year variation of fly emergence in the field. Neilson (1962) reported that 
development of R. pomonella (Walsh) after diapause was rapid if the preceding cold 
period was 40 weeks or more. An effect of the length and intensity of cold period on 
phenology has also been reported for R. indifferens (Brown and AliNiazee 1977) and R. 
cerasi (Baker and Miller 1978). Smith and Jones (1991) investigated the effects of cold 
on R. pomonella emergence, and reported that pupae exposed to a longer cold period (79- 
191 days) required fewer TUs for emergence compared with those enduring shorter cold 
periods. AliNiazee (1988), in a detailed discussion of the subject, suggested that beyond a 
certain minimum (3-4 months) length of cold exposure had little effect either on the date 
of emergence or percentage of the emergence level of many Rhagoletis flies. In addition 
to temperature, other factors such as rainfall, amount of sunlight, soil type and host 
variety might also influence the adult emergence of Rhagoletis flies (Glass 1960, Dean 
and Chapman 1973, Neilson 1976). 

The predictions of the models derived from aerial trap data and air temperature were 
tested during 1993 and were found more accurate than calendar dates. For example in 
1993, the model predicted first adult emergence on July 9, female sexual maturity on July 
25, and oviposition on August 3. The actual events in the field occurred on July 9, July 23 
and August 1, respectively, (Table 3). 

In summary, the TU summation model presented here predicts occurrence in the field 
of various biological events including fly emergence levels, dates of occurrence of mature 
females and first oviposition. These predictions are more accurate in the field than 
calendar dates and the model is therefore an improvement over the current practice which 
depends on calendar dates for applying insecticides. Similar programs have been 
successfully used with other Rhagoletis species including R. indifferens (AliNiazee 1976 
& 1979, Jones et al. 1991), R. cingulata and R. fausta (Jubb and Cox 1974), and R . 
pomonella (e.g.. Maxwell and Parsons 1969, Reissig et al 1979, Jones et al 1989). 
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